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1 . Title of Invention 



Specification 



Indole agricultural and horticultural fungicide 

2 . Scope of Patent Claim 

An agricultural and horticultural fungicide containing indole 
compounds represented by the following formula as the active 
ingredient ; 
general formula 

a 1 

(In the formula, R 1 represents a hydrogen, a lower alkyl, a 
benzyl that is optionally displaced by a halogen, a benzoyl or a 

lower al kylcarbonyl ; R 2 represents a ^ group (here X 

represents a hydrogen, halogen, lower alkyl, lower alkoxy, 
hydroxy, carboxyl, nitro, amino, cyano or phenyl, n represents an 
integer of 1 or 2. ) , a naphthyl , pyridyl, furyl, or thienyl; R 3 
represents a hydrogen, halogen, phenyl, nitro, cyano, an amino 
optionally displaced by a benzyl or a lower alkyl, a lower 
alkoxy, a formyl, a lower al kylcarbonyl , a carboxyl, a lower 
alkoxycarbonyl , an isothiourea, 4 -nit rophenyl hydrazonomethyl , 2- 
phenylindole-3-yl methyl or halogen, a phenyl, a cyano, an amino 
optionally displaced by a lower alkyl, a hydroxy, a lower alkoxy, 
a lower al kylcarbonyl , a carboxyl, a lower alkoxycarbonyl, a 
carbamoyl, a piperidino, or a lower alkyl optionally displaced by 

a morpholino; R 4 and R 5 each represent a hydrogen, a halogen, a 
lower alkyl, a lower alkoxy, a nitro, or an amino. Here, aminos, 
piperidinos and morpholinos may be quaternized or they may form 
salts with acids, while carboxyls may form metal salts or salts 
with amines . ) 

3 . Detailed. Description of the Invention 

The present invention relates to an agricultural and 
horticultural fungicide containing the indole compound 
represented by general formula [I] 
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R 



R* 

( i) 



as the active ingredient. 

(In the formula, R 1 represents a hydrogen; a lower alkyl typified 
by methyl, ethyl, propyl, butyl; a benzyl optionally displaced by 
a halogen such as a chlorine, bromine, fluorine, or iodine; a 
benzoyl; or a lower al kylcarbonyl typified by acetyl, propionyl, 

butyryl, or valeryl. R 2 represents a " group (here X 

represents a hydrogen; a halogen typified by chlorine, bromine, 
fluorine, or iodine; a lower alkyl typified by methyl, ethyl, 
propyl, butyl; a lower alkoxy typified by methoxy, ethoxy, 
propoxy, butoxy; a hydroxy; carboxyl; nitro; amino; cyano; or 
phenyl, n represents an integer of 1 or 2.), a naphthyl, pyridyl, 
furyl, or thienyl. R 3 represents (1) hydrogen, (2) a halogen 
typified by chlorine, bromine, fluorine, or iodine; (3) a phenyl, 
(4) a nitro, (5) a cyano, (6) an amino optionally displaced by a 
benzyl or a lower alkyl typified by dimethylamino , diethylamino , 
benzylamino; (7) a lower alkoxy typified by methoxy, ethoxy, 
propoxy, butoxy; (8) a formyl, (9) a lower a 1 kylcarbonyl typified 
by acetyl, propionyl, butyryl, valeryl, (10) a carboxyl, (11) a 
lower alkoxycarbonyl typified by methoxycarbonyl , ethoxycarbonyl , 
propoxycarbonyl , but oxycarbonyl , (12) isothiourea, (13) 4- 
nitrophenyl hydra zonomethyl , (14) 2-phenylindole-3-yl methyl, 

(15) a lower alkyl typified by methyl, ethyl, propyl, butyl, or 

(16) a halogen typified by chlorine, bromine, fluorine, or 
iodine; a phenyl; a cyano; an amino optionally displaced by a 
lower alkyl typified by dimethylamino, diethylamino; a hydroxy; a 
lower alkoxy typified by methoxy, ethoxy, propoxy, butoxy; a 
lower al kylcarbonyl typified by acetyl, propionyl, butyryl, 
valeryl; a carboxyl; a lower alkoxycarbonyl typified by 
methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl, but oxycarbonyl ; 
a carbamoyl; a piperidino; or a lower alkyl optionally displaced 
by a morpholino. R 4 and R 5 each represent a hydrogen; a halogen 
typified by chlorine, bromine, fluorine, or iodine; a lower alkyl 
typified by methyl, ethyl, propyl, butyl; a lower alkoxy typified 
by methoxy, ethoxy, propoxy, butoxy; a nitro; or an amino. Here, 
when R 2 , R 3 , R 4 , and R 5 represent aminos or groups that have aminos 
or when R 3 represents a group with piperidinos or morpholinos, 
said aminos, piperidinos and morpholinos may be quaternized or 
they may form salts with inorganic acids typified by hydrochloric 
acid and sulfuric acid or with organic acids typified by acetic 
acid, oxalic acid, benzoic acid, toluenesulf onic acid. In 
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addition, when R 2 and R 3 represent carboxyls or groups that have 
carboxyls, said carboxyl may form salts with alkali metals such 
as sodium or potassium, alkaline earth metals such as magnesium 
or calcium, or with amines such as alkylamines, al kyldiamines , 
substituted anilines, substituted benzylamines , naphthylamines . 

Many agents has been developed as agricultural and horticultural 
fungicides including organophosphates and organochlor ides . These 
agents have brought about massive increases in crop yields, but 
they have also ben responsible for such problems as soil 
contamination, chemical damage to crops, toxicity in humans 
resulting from accumulated use, and residue that have recently 
come to the fore. In addition, bacterial strains have developed 
resistance to quinoxaline and benomyl, agricultural and gardening 
fungicides that hitherto have had high activity, and these issues 
have led to restrictions on the use of these agents. 
Accordingly, the development of agricultural and gardening 
fungicides that could control various types of plant pathogens 
while avoiding aforementioned problems has been strongly desired 
in the industry. 

In recent years, the manifestation of control of plant pathogens 
by compounds having an indole framework has been reported. 
Examples include indoles [consult J". Antibiotics, Vol. 27, No. 
12, pp. 987-988 (1974)], 3-phenylindole indole and derivatives 
thereof [consult J . Agric. Food Chem. , Vol. 23, No. 4, pp. 785- 
791 (1975)], and 3 - indole acetic acid [consult Can. J". 
Microbiol., Vol. 15 No. 7, pp. 713-721 (1969)], but these 
compounds have not exhibited high control of various types of 
plant pathogenic bacteria and have not always been satisfactory 
as agricultural and gardening fungicides. 



The inventors have examined the antimicrobial activity of a broad 
range of compounds in order to develop a novel agricultural and 
gardening fungicide, the results of which have revealed that 
indole compounds represented by aforementioned general formula 

[I] have outstanding antimicrobial activity against various types 
of plant pathogenic bacteria, including those that cause rice 
blight, Helminthosporium leaf spot, sheath blight, Sphaerotheca 
fuliginea (Powdery mildew) in cucumbers, anthracnose, Plasmopara 
viticola (Downy mildew), cabbage blight, Sclerotinia sclerotiorum 

(Sclerotinia rot) in beans, and red rust blight in wheat, that 
they have high antimicrobial activity with a broader 
antibacterial spectrum than aforementioned known indole 
compounds, and that they induce little chemical damage to crops, 
which culminated in the agricultural and gardening fungicide 
pursuant to the present invention. 
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A typical example of the indole compound indicated by 
aforementioned general formula [I] is presented below. 
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R* 



NHNHa + 0 = C 



■NHN=C 



CM) 

^2 Polyphosphoric ^^X.^Jk ] 
acid 



(I -a) 



DMF 

(In the formula, R 1 , R 2 , R 4 , and R 3 have the same significance as 
in general formula [I], while R 3 represents a halogen, lower 
alkyl, lower alkoxy or phenyl. When R 1 represents an acetyl, Z 
represents an acetoxy while Z represents a halogen when R 1 
represents any group other than an acetyl.) 

( ii ; 



* + NCS 



CH2«2 



R 4 



(In the formula, R 1 , R 2 , R 4 , and R 5 have the same significance as 
in general formula [I], while NCS represents an N— 
chlorosuccinimide . ) 



(ill) 



R* 



' R 7 



dioxane 
CH3CO2H 



CHaN 



N<^R 2 



(In the formula, R 1 , R 2 , R 4 , and R 5 have the same significance as 
in general formula [I], R 6 and R 7 either represent hydrogens or 
lower alkyls, or R 6 and R 7 combine with carbon atoms to form 
piperidinos or morphol inos . ) 
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( ' V L^, 8 

(1-f) 

(In the formula, R 1 , R 2 , R" , and R 5 have the same significance as 
in general formula [I] .) 

<V) _ _ NOz 



. (I-e'j, (1-*) 



(In the formula, R 1 has the same significance as in general 
formula [I] , R 2 , R 4 , and R 5 have the same significance as in 
general formula [I] except when they are aminos or groups that 
have aminos. n-MNO, signifies an n-amyl nitrite.) 



R* U R 5 



R 5 k 



CVID 



R * ^ CHstJOaH R ^ ^ R 

(Vfll) 



R 4 



(In the formula, R 1 , R% R 4 , and R 5 have the same significance as 
in general formula [I]) 
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.*CXT£r» - « — CH.CO.NH4" 

(l-O ^ , (<JH.,)aNH« 

ST B ^P^»- 



C I-k) 



-p?- ^ssr K 'P^ 

Cl-*0 CI-D 




H20JR" 



(In the formula, R 1 represents a hydrogen, lower alkyl or benzyl 
optionally displaced by a halogen, R 2 represents has the same 
significance as in general formula [I] except when it represents 
a nitro, cyano, or phenyl displaced by a carboxyl, R 4 and R 5 
represent a hydrogen, halogen, lower alkyl, lower alkoxy, or 
amino, and R a represents a lower alkyl.) 

(I-O ( l-n) 

(In the formula, R 1 represents a hydrogen, lower alkyl or benzyl 
optionally displaced by a halogen, R 2 has the same significance 
as in general formula [I] except when it represents a hydroxy, 
carboxyl, or phenyl displaced by an amino, R 3 represents a lower 
alkylcarbonyl, a lower alkoxycarbonyl , a lower alkyl displaced by 
a lower alkoxycarbonyl or a cyano, R 4 , and R 5 have the same 
significance as in general formula [I] except when they each 
represent an amino, ) 
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(In the formula, R 1 , R 2 , R 4 , and R 5 have the same significance as 
in general formula [I-c"], R 8 represents a lower alkyl.) 

K 6 JLj . CaH^QH-HaO ps j\ 



(In the formula, R 1 , R 2 , R 4 , and R 5 have the same significance as 
in general formula [I-C=], m represents an integer of 1 or 2 . ) 



NHa 



ess?.- 



(i-q > 



C 2Mb OH rC^ H 

(In the formula, R 2 , R 4 , and R 5 have the same significance as in 
general formula [I] except when they represent aminos or groups 
having aminos, R 9 and R 10 identically or differently represent 
lower alkyls or benzyls, X represents a halogen. 



( 1 -r; 
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(In the formula, R 1 , R 2 , R 4 , R 5 , R 6 and R 7 have the same 
significance as in general formula [I], X represents a halogen.) 



CxvO 



+ HCHO 



piperazine 




€H2 



dioxane 
CHiCOjH 



(In the formula, R 1 , R 2 , R 4 , and R 5 have the same significance as 
in general formula [I]) 

Aforementioned method (i) is carried out by deriving a hydrazone 
represented by general formula [IV] through any of a variety of 
methods, including (a) reacting hydrazine represented by general 
formula [II] with a ketone represented by general formula [III] 
in aqueous ethanol under acidic or alkaline conditions, (b) 
heated reflux of the two in benzene under dehydrated conditions, 
(c) heated reflux of the two in dyglyme, followed by heating the 
resulting hydrazone in the presence of polyphosphoric acid to 
derive an indole compound represented by general formula [I-a], 
and acting an alkylation agent or acylation agent represented by 
general formula [V] on said indole compound in the presence of 
hydrochloric acid in dimethyl formamide . Method (II) is carried 
out by reacting the indole compound represented by general 
formula [I-c] with N-chlorosuccinimide in methylene chloride. 
Method (iii) is carried out by providing the indole compound 
represented by general formula [I-c] to a Mannich reaction at 
room temperature in a mixed solution of dioxane and acetic acid. 

Method (iv) is carried out by stirring the indole compound 
represented by general formula [I-c] with thiourea, iodine and 
potassium iodide at room temperature in a methanol aqueous 
solution. Method (v) is carried out by treating the indole 
compound represented by general formula [ I— c= ] with n-amyl 
nitrite in a solution of benzene, toluene, ethyl ether, or 
tetrahydrof uran, preferably in benzene. Method (vi) is carried 
out by providing the indole compound represented by general 
formula [I-c] to a Vilsmeier reaction. Method (vii) is carried 
out by heated reflux of the indole compound represented by 
general formula [I-h] with di ammonium hydrogen phosphate in a 
mixed solution of n-nit ropropane and acetic acid. Method (viii) 
is carried out by stirring the indole compound represented by 
general formula [I-h] with 4 -nit rophenyl hydrazine hydrochloride 
in an ethanol aqueous solution at room temperature. Method (ix) 
is carried out by deriving 3- ( 2 -nit rovinyl ) indoles through 
reacting the indole compound represented by general formula [I- 
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h= ] with nitromethane in the presence of ammonium acetate, 
followed by reducing said indoles with lithium aluminum hydride 
in ethyl ether. Method (x) is carried out by deriving the indole 
compound represented by general formula [I— 1] through reduction 
of the indole compound represented by general formula [I-h=] by 
sodium borohydride in ethanol, followed by treating said indole 
compound with sodium hydroxide in an alcohol represented by 
general formula [vi] . Method (xi) is carried out by deriving a 
Grignard compound of indole compounds by acting Grignard reagent 
on the indole compound represented by general formula [I-c M ] in 
ethyl ether, followed by condensing said Grignard compound with 
the chloride represented by general formula [vii] . Method (xii) 
is carried out by heated reflux of the indole compound 
represented by general formula [I— n=] with potassium hydroxide in 
an ethanol aqueous solution. Method (xiii) is carried out by 
hydrolysis of the indole compound represented by general formula 

[I— n"] with potassium hydroxide in the same manner as in 
aforementioned method (xii) . Method (xiv) is carried out by 
deriving the indole compound represented by general formula [1-q] 
through treatment of 3/H-indole-3-oxime represented by general 
formula [VIII] with sodium hydrosulfite under heated reflux in an 
ethanol solution of sodium hydroxide, followed by deriving the 
indole compound represented by general formula [I— q=] by 
condensing said indole compound with halides represented by 
general formula [ix] in ethanol containing t rie thy 1 amine , after 
which said indole compound is condensed with halides represented 
by general formula [x] as required. Method (xv) is carried out 
by stirring the indole compound represented by general formula 

[I-r] with amines represented by general formula [XI] in ethanol. 
Method (xvi) is carried out by providing the indole compound 
represented by general formula [I-c] to a Mannich reaction at 
room temperature in a mixed solution of dioxane and acetic acid 
in the presence of piperazine. 



The agricultural and horticultural fungicide pursuant to the 
present invention may comprise only the indole compound 
represented by general formula [I] (1, 2 or more types) , or one, 
two or more of said indole compounds may be converted into drug 
products in such forms as granules, powder, tablets, hydrates, 
emulsions, oils, aerosols or fogs with inert carriers and the 
optional addition of adjuvants in accordance with conventional 
technique used in agrochemical products. Inert carriers may be 
in liquid or solid form. Permissible liquids include common 
organic solvents typified by benzene, toluene, xylene, methyl 
naphthalene, solvent naphtha, kerosene, dimethylf ormamide , 
dimethylsulf oxide , dimethyl acet amide , methanol, ethanol, ethylene 
glycol, pyridine, acetonit r ile , cellosolve , freon, halogenated 
hydrocarbons, lower fatty acid esters, acetone, methyl ethyl 
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ketone, and cyclohexane, while solid carriers include talc, clay, 
kaolin, bentonite, acid clay, diatomaceous earth, calcium 
carbonate, calcium phosphate, and nitrocellulose. Adjuvants 
include emulsifiers, dispersants, and dispersion stabilizers. 
Concrete examples of adjuvants include polyoxyethylene alkylaryl 
ether, alkylaryl polyoxyethylene glycol ether, alkylaryl 
sulfonate, higher alcohol sulfuric acid esters, and alkyl 
dimethylbenzyl ammonium halides among nonionic, anionic, cationic 
surfactants, lignin sulfonate, stearates, polyvinyl alcohol, CMC, 
starch, acacia, but the present invention is not restricted to 
these . 

The blending proportions in the drug product of the indole 
compound represented by aforementioned general formula [I] may be 
suitably altered as required, but for conventional powder, 
granules, tablets or oils, the active principals would comprise 
0.1 to 10% of the total while they would comprise 10 to 90% of 
the total for emulsifiable liquids or hydrates. The treatment 
concentration would fluctuate with the type of useful crop, the 
cultivation state, weather conditions, the severity of any blight 
and the tendency for such development, but the concentration when 
using liquids would commonly be 500 to 2000 ppm as the active 
principal . 

In addition, one, two or more types of fertilizers, soil 
enhancers, insecticides, fungicides, or herbicides may be blended 
or used jointly in a range that does not adversely affect the 
effects of the active principal of the agricultural and gardening 
fungicide pursuant to the present invention. 

The agricultural and gardening fungicide pursuant to the present 
invention manifests marked extermination effects of various types 
of plant blights. It is suitable for protecting paddy-field 
rice, cultivated crops, fruits, agricultural crops, forestry 
shoots or trees against attack from pathogens. For example, the 
fungicide pursuant to the present invention can continuously 
protect against rice blight caused by Pyricularia oryzae, which 
is the most serious crop blight in Japan, as well as against 
symptoms of Cochliobolus miyabeanus, which has been difficult to 
prevent in the past. In addition, it can protect against various 
types of plant pathogenic bacteria, including those that cause 
rice blight, Sphaerotheca fuliginea (Powdery mildew) in 
cucumbers, anthracnose, Plasmopara viticola (Downy mildew), 
cabbage blight, Sclerotinia sclerotiorum (Sclerotinia rot) in 
beans, and red rust blight in wheat. Another major benefit is 
that chemical damage against useful crops is not observed in the 
range of concentrations that are used when applying the 



-13- 



agricultural and gardening fungicide pursuant to the present 
invention . 

Synthesis examples, working examples and trial examples of 
compounds in which the agricultural and gardening fungicide 
pursuant to the present invention is the active ingredient are 
presented below. "Parts" signify weight parts in the working 
examples . The compound numbers correspond to representative 
examples (1) to (77) of the indole compound represented by 
aforementioned general formula [I] . 

Synthesis Example 1 

Synthesis of 2 - ( 2 -pyr idyl ) indole [compound (33)] 
A total of 4.47 g of pheny lhydra z ine was added to 3 ml of an 
ethyl solution of 5 g of 2 -acetylpyr idine , followed by heating 
for one hour at approximately 90°C. Cooling was followed by 
recrystalli zat ion of the reaction mixture with ethanol to yield 
7.3 g of 2-acetylpyridine phenyl hydrazone. That was followed by 
the addition of 1.5 g of 2-acetylpyridine phenyl hydrazone to 4.5 
g of polyphosphoric acid and heating to a temperature of 180 to 
190°C, followed by stirring for 5 minutes at that temperature. 
Cooling was followed by casting of the reaction mixture into 
dilute sodium hydroxide aqueous solution, extraction with ethyl 
acetate and drying of the organic layer with anhydrous magnesium 
sulfate. The solvent was removed and the resulting residue was 
recrystalli zed with benzene to yield 1.1 g of 2 -( 2 -pyr idyl ) 
indole (melting point 154°C) . 

Compounds (1) to (38), (47), (60), (63), (69), and (72) were 
derived by the same method as that of Synthesis Example 1. 

Synthesis Example 2 

[Synthesis of 3 -chloro- 2 -phenyl indole (compound (39)] 
Both 1.1 g of N-chlorosuccinimide and a slight amount of benzoyl 
peroxide were added to 100 ml of a methylene chloride solution 
containing 1.5 g of 2 -phenylindole , followed by heated reflux for 
5 hours. Following cooling, 100 ml of ethyl ether was added to 
the reaction mixture, followed by washing the organic layer with 
water and drying with anhydrous magnesium sulfate. The solvent 
was removed and the resulting residue was recrystal li zed with 
benzene to yield 0.7 g of 3-chloro-2-phenylindole [melting point 
8 7°C] . 

Synthesis Example 3 

Synthesis of 3-f ormyl-2-phenylindole [compound (42)] 

A total of 3.6 g of phosphorus oxychloride was added slowly under 
ice cooling to 5 ml of a dimethylf ormamide solution containing 
4.5 g of 2 -phenylindole , followed by stirring for two hours at 
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approximately 50°C and stirring for one hour at room temperature. 

The reaction mixture was cast into ice water and neutralized 
with dilute sodium hydroxide solution, followed by filtration off 
of the precipitating crystals. The crystal were recrystalli zed 
with benzene to yield 3.6 g of 3-f ormyl-2-phenylindole (melting 
point 253°C) . 

Synthesis Example 4 

Synthesis of 3-nitro-2 -phenylindole [compound (40)] 
A total of 9 g of amyl nitrite was added to 370 ml of benzene, 
followed by the addition of 3 g of 2 -phenylindole and heated 
reflux for six hours. Cooling was followed by concentration of 
the reaction mixture volume in half under vacuum and filtration 
off of the precipitating crystals to yield 2.1 g of 3-nitro-2- 
phenylindole [melting point 241°C] . 

Synthesis Example 5 

Synthesis of 3 -cyano- 2 -phenylindole [compound (41)] 

A mixture comprising 2.2 g of the 3-f ormyl-2-phenylindole derived 
by the same method as in Synthesis Example 3, 7 g of diammonium 
hydrogen phosphate, 30 ml of 1 -nit ropropane and 10 ml of acetic 
acid was subjected to heated reflux for 15 hours. Completion of 
the reaction was followed by removal of the solvent from the 
reaction mixture under vacuum, the addition of water to the 
residue and filtration off of the precipitating crystals. The 
crystals were recrystall i zed with a mixed solution of acetone and 
benzene to yield 1.1 g of 3-cyano-2-phenylindole [melting point 
243°C (decomposition) ] . 

Synthesis Example 6 

Synthesis of 3-ethoxycarbonyl-2 -phenylindole [compound (44)] 
In a nitrogen atmosphere, 6 g of ethyl iodide and 0.9 g of 
magnesium were reacted in 20 ml of dried ether to synthesize 
Grignard reagent, followed by dropwise addition of 50 ml of a 
solution comprising 5 g of 2 -phenylindole in dried ether and 
stirring for 2 hours at room temperature. While the reaction 
mixture was cooled with ice, 10 ml of a solution comprising 3.1 g 
of ethyl chlorof ormate in dried ether was added slowly, followed 
by stirring for two hours at room temperature. That was followed 
by stirring for 30 minutes under heated reflux. Cooling was 
followed by casting the reaction mixture into a dilute solution 
of acetic acid and extraction with ether. The ether layer was 
dried with anhydrous magnesium sulfate, followed by removal of 
the ether under vacuum the separation refining of the resulting 
residue via silica gel column chromatography to yield 3.1 g of 3— 
ethoxycarbonyl-2-phenylindole [melting point 158°C] . 



-15- 



Compounds (49), (54), (56), and (64) were derived by the same 
method as in Synthesis Example 6. 

Synthesis Example 7 

Synthesis of 3-carboxyl- 2 — phenylindole [compound (45)] 
A total of 2 g of the 3-ethoxycarbonyl - 2 -phenylindole obtained by 
the same method as in Synthesis Example 6 was added to a mixed 
solution comprising 20 ml of water and 20 ml of ethanol 
containing 0.5 g of sodium hydroxide, followed by heated reflux 
for two hours . Cooling was followed by the addition of a dilute 
solution of hydrochloric acid to the reaction mixture to render 
the entire system acidic, after which the precipitating crystals 
were filtered off. The crystals were recrys t al 1 i zed with benzene 
to yield 1.1 g of 3— carboxyl -2 -phenylindole [melting point 
168°C] . 

By the same method as in Synthesis Example 7, 3 -cyanome thyl-2 - 
phenylindole [compound (54)] and 3- ( 2-cyanoethyl ) -2 -phenylindole 
[compound (64)] were used to produce the corresponding 3- 
carboxymethyl-2-phenylindole [compound (56)] and 3- (2- 
carboxylethyl ) -2-phenylindole [compound (68) ] . 

Synthesis Example 8 

Synthesis of S- (2-phenylindole-3-yl) i sothi ouronium iodide 
[compound (48) ] 

A total of 2.4 g of 2-phenylindole, 0.95 g of thiourea, 3.2 g of 
iodine and 2.1 g of potassium iodide were added to a mixed 
solution comprising 50 ml of methanol and 30 ml of water, 
followed by stirring overnight at room temperature. Next, the 
solvent was removed from the reaction mixture under vacuum, and 
the resulting residue was washed with acetone to yield 1.7 g of 
S- (2-phenylindole-3-yl) isothiouronium iodide [melting point 
237°C (decomposition) ] . 

Synthesis Example 9 

Synthesis of 3-amino-2-phenylindole [compound (48)] 
A total of 8.1 g of sodium hydrosulfite was added in small 
increments under heated reflux to a mixed solution comprising 12 
ml of ethanol containing 4 g of 2 -phenyl-3H- indole - 3 -onoxime and 
25 ml of 2N-sodium hydroxide solution, followed by continuation 
of heated reflux for two hours. Cooling was followed by the 
addition of water to the reaction mixture, filtration off of the 
precipitating crystals and washing them with water. 
Recrystallization with toluene yielded 3.3 g of 3-amino~2- 
phenylindole [melting point 180°C] . 

Synthesis Example 10 
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Synthesis of 3- (4-nitrophenylhydrazone methyl) -2-phenylindole 
[compound (4 9) ] 

A mixed solution comprising 3 ml of water and 5 ml of ethanol 
containing 0.86 g of 4 -nit rophenyl hydrazine hydrochloride was 
added to a mixed solution comprising 15 ml of acetic acid and 15 
ml of ethanol containing 1 g of the 3 - formyl -2 -phenyl indole 
derived by the same method as in Synthesis Example 3, followed by 
stirring for three hours . The precipitating crystals were 
filtered off and washed with water to yield 1.4 g of 3— (4— 
nitrophenylhydrazone methyl ) -2 -phenyl indole [melting point 279°C 
(decomposition) ] . 

Synthesis Example 11 

Synthesis of 3-diethylaminomethyl-2 -phenyl indole hydrochloride 
[compound (52) ] 

A total of 3.6 g of 2-phenylindole was added in small increments 
over approximately five hours under ice cooling to a mixed 
solution comprising 10 ml of dioxane and 10 ml of acetic acid 
containing 2.9 g of 37% formalin and 2.8 g of diethylamine , 
followed by stirring overnight at room temperature. That was 
followed by the addition of 120 ml of lN-hydrochlor ic acid to the 
reaction mixed solution and washing with ethyl ether. The 
crystals containing in the aqueous layer were filtered off to 
yield 1.2 g of 3-diethylaminomethyl-2-phenylindole hydrochloride 
[melting point 170°C (decomposition) ] . 

Compound (50), (52), and (53) were derived by the same method as 
that of Synthesis Example 11. 

Synthesis Example 12 

Synthesis of 3-carbamoylmethyl-2 -phenylindole [compound (57)] 

A 50 ml solution of ethanol containing 1.2 g of urea and 1.2 g of 

2- phenylindole-3-acetate was subjected to heated reflux for three 
hours. Cooling was followed by casting the reaction mixture into 
water, filtration off of the precipitating crystals and 
recrystallization of the crystal with ethyl acetate to yield 0.6 
g of 3-carbamoylmethyl-2-phenylindole [melting point 138°C] . 

Synthesis Example 13 

Synthesis of 3- (N , N-diethylcarbamoylmethyl ) -2 -phenylindole 
[compound (58) ] 

A 10 ml solution of dried benzene containing 0.81 g of ethyl 
chlorof ormate was added slowly under stirring at room temperature 
to 30 ml of a solution of dried benzene containing 4 g of 
diethylamine , 0.8 g of t r iethylamine , and 2 g of 2 -phenyl indole - 

3 - ace t at e , followed by heated reflux for one hour. Cooling was 
followed by the addition of 100 ml of ethyl ether to the reaction 
mixture, washing of the organic layer with water, drying with 
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anhydrous magnesium sulfate, removal of the solvent under vacuum, 
and recrystallization of the resulting residue with ethyl acetate 
to yield 1.2 g of 3- (N , N-diethylcarbamoylmethyl ) -2 -phenylindole 
[melting point 114°C] - 

Synthesis Example 14 

Synthesis of bis ( 2 -phenyl indole- 3-yl ) methane [compound (59)] 
A total of 3 g of 2-phenylindole was added in small increments 
while stirred under ice cooling to a mixed solution comprising 17 
ml of dioxane and 17 ml of acetic acid containing 2.5 g of 37% 
formalin and 2.7 g of piperazine, followed by continued stirring 
overnight at room temperature. That was followed by adding the 
reaction mixture to water, neutralization with sodium 
hydrogencarbonate aqueous solution, and filtration off of the 
precipitating crystals to yield 1.8 g of bis ( 2-phenylindole-3- 
yl) methane [melting point 184°C] . 

Synthesis Example 15 

Synthesis of 3-hydroxymethyl-2-phenylindole [compound (61)] 3- 
ethoxymethyl-2-phenylindole [compound ( 62 ) ] 

A total of 0.76 g of sodium borohydride was added under heated 
reflux to a 75 ml solution of dried ethanol containing 2.3 g of 
the 3- f ormyl-2-pheny lindole derived by the same method as in 
Synthesis Example 3, followed by continued heated reflux for 
approximately five minutes . Cooling was followed by solvent 
removal from the reaction mixture under vacuum, the addition of 
the residue to approximately 50 ml of a 1% sodium hydroxide 
solution, and extraction with ethyl ether. The ether layer was 
desired with anhydrous magnesium sulfate, followed by ether 
removal and recrystallization of the resulting residue using a 
mixed solution of benzene and n-hexane to yield 1.8 g of 3- 
hydroxymethyl-2-phenylindole [melting point 129°C] . 

A total of 0.56 g of 3-hydroxymethyl-2 -phenylindole was added to 
50 ml of dried ethanol containing 0.1 g of sodium hydroxide, 
followed by heated reflux for 24 hours. Cooling was followed by 
removal of the solvent from the reaction mixture and sublimation 
of the resulting residue to yield 0.3 g of 3-hydroxymethyl-2- 
phenylindole 3 -ethoxyme thy 1-2 -phenylindole [melting point 115°C] . 

Synthesis Example 16 

Synthesis of 3- ( 2 -aminoethyl ) -2-phenylindole [compound (65)] 
Both 2.2 g of the 3 - formyl -2 -phenyl indole derived by the same 
method as in Synthesis Example 3 and 2.6 g of ammonium acetate 
were added to 50 ml of nit romethane , followed by heated reflux 
for three hours. Cooling was followed by filtration off of the 
precipitating crystals, washing with water and drying under 
vacuum to yield 2.1 g of 3- ( 2 -nitrovinyl ) -2-phenylindole . That 
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was followed, by the dropwise addition in small increments of 2 . 1 
g of 3- (2-nitrovinyl) -2-phenylindole to 50 ml of an ethyl ether 
solution containing 2.6 g of lithium aluminum hydride in a 
nitrogen atmosphere (the ether was refluxed through heating) . 
Heated reflux was continued for one hour, followed by stirring 
for one hour at room temperature. A total of 10 ml of water was 
added to the reaction mixture, followed by the addition of 10 ml 
of 10% sodium hydroxide solution in small increments and 
filtration off of the solid that was then washed with ether. The 
ether layer was dried with anhydrous magnesium sulfate and the 
solvent was removed. The resulting residue was recrystalli zed 
with a mixture of chloroform and n-hexane to yield 1.3 g of 3- ( 2- 
aminoethyl ) -2-phenylindole [melting point 67°C]. 

Synthesis Example 17 

Synthesis of 3- ( 3— diethylaminopropyl ) -2 -phenyl indole [compound 
(70) 1 ~ ~ " ~" ' 

A 50 ml dried ethanol solution containing 5 ml of diethylamine 
and 2 g of 3- (3-bromopropyl) -2-phenylindole was stirred for 15 
days at room temperature. The solvent and diethylamine were 
removed from the reaction mixture under vacuum, followed by the 
addition of 50 ml of ethanol to the resulting residue and 
dissolution of the residue. Dried hydrogen chloride gas was then 
introduced into the solution. The precipitating 3— (3- 
diethylaminopropyl ) -2 -phenylindole hydrochloride was filtered 
off, and water was added to the indole hydrochloride. The 
resulting aqueous solution was neutralized with sodium 
hydrogencarbonate solution and the precipitating crystals were 
filtered off. The crystals were recrystalli zed with ligroin to 
yield 0.6 g of 3— ( 3— diethylaminopropyl ) -2-phenylindole [melting 
point 72°C] . 

Compound (66) , (67) , and (71) were derived by the same method as 
in Synthesis Example 17 . 

Synthesis Example 18 

Synthesis of 1— ( 4 -chlorobenzyl ) -2 -phenylindole [compound (74)] 
A total of 3.2 g of 2 —phenyl indole was added to 15 ml of a 
dimethylf ormamide solution containing 1.4 g of potassium 
hydroxide in a nitrogen atmosphere, followed by stirring for one 
hour at 100°C. Cooling was followed by the gradual addition of 
2.6 g of 4 -chlorobenzyl bromide to the reaction mixture and 
stirring for one day at room temperature. That was followed by 
stirring for two hours at 80°C. Cooling was followed by casting 
the reaction mixture into water, filtration off of the 
precipitating crystals and recryst alii zat ion of the crystals with 
ethanol to yield 3.7 g of 1- ( 4 -chlorobenzyl ) -2— phenylindole 
[melting point 124°C] . 
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Compound (73) was derived by the same method as in Synthesis 
Example 1 8 . 

Synthesis Example 19 

Synthesis of l-benzoyl-2-phenylindo le [ compound (75)] 
A 20 ml solution of dried dimethylf ormamide containing 5.8 g of 
2-phenylindole was added slowly under ice cooling to a 40 ml 
solution of dried dimethyl f ormamide containing 1.44 g of sodium 
hydride (50% content), followed by stirring for 30 minutes at 
room temperature. That was followed by the gradual dropwise 
addition of a 20 ml solution of dried dimethyl f ormamide 
containing 4.2 g of benzoyl chloride to the reaction mixture and 
stirring for 4 hours at room temperature. The reaction mixture 
was cast into ice water and the precipitating crystals were 
filtered off, followed by the addition of ether to the crystals 
and passage of the resulting ether solution through an active 
alumina column. Ether was removed from the distilled ether 
solution under vacuum, and the resulting residue was 
recrystalli zed under vacuum to yield 2.1 g of l-benzoyl-2- 
phenylindole [melting point 114°C] . 

Synthesis Example 20 

Synthesis of l-acetyl-2 , 3-diphenylindole [compound (76)] 
A total of 2.7 g of 2 , 3— diphenylindole was added to a mixed 
solution comprising 50 ml of acetic anhydride and 5 ml of 
pyridine, followed by heated reflux for 16 hours. Cooling was 
followed by casting the reaction mixture into water, filtration 
off of the precipitating crystal and recrystalli zat ion of the 
crystal with ethanol to yield 2.1 g of l-acetyl-2, 3- 
diphenylindole [melting point 137°C] . 

Synthesis Example 21 

Synthesis of 3-benzylamino-2-phenylindole [compound (77)] 
A total of 0.82 g of benzyl bromide was added at room temperature 
to 30 ml of a solution of dried ethanol containing 1 ml of 
triethylamine and 1 g of the 3-amino-2— phenylindole derived by 
the same method as in Synthesis Example 9, followed by heated 
reflux for two hours. The reaction mixture was cast into water 
and extracted with ethyl ether, followed by drying of the organic 
layer with anhydrous magnesium sulfate and removal of the 
solvent. The resulting residue was refined with silica gel 
column chromatography to yield 0.6 g of 3 -ben zylamino-2 - 
phenylindole [melting point 91°C] . 

Working Example 1 
Hydrate 

Compound (1) 50 parts 
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20 


pa 


40 


pa 


35 


pa 


5 


pa 


emul 



Sodium alkyl sulfate 5 parts 

Diatomaceous earth 45 parts 

These were uniformly mixed and ground to complete a hydrate with 
a 50% content of active ingredient. In use, this was diluted to 
a predetermined concentration with water and sprayed. 

Working Example 2 
Emulsifiable liquid 

Compound ( 1 ) 

Xylene 

Cyclohexane 

Polyoxyethylene phenyl ether 
These were mixed and dissolved to complete 
with a 20% content of active ingredient. In use, this was 
diluted to a predetermined concentration with water and sprayed. 

Working Example 3 
Dust 

Compound (1) 2 parts 

Talc 98 parts 

These were uniformly mixed and ground to complete a dust with a 

2% content of active ingredient. In use, this was sprayed as is. 

Trial Example 1 

Extermination trial on powdery mildew in cucumbers 
A predetermined concentration of hydrate produced in the same 
manner as in Working Example 1 was sprayed over cucumber sprouts 
grown for approximately 13 days after sowing (breed, Sagami 
hanbaku) in an inoculation chamber. Drying of the drug liquid 
was followed by inoculation of powdery mildew. A spore 
suspension was used in inoculation in which spores that were 
dropped using a brush into a Petri dish from the leaf surface of 
cucumbers that developed powdery mildew were prepared with 
distilled water so that one field of vision (microscope 
magnification: 150-fold) held approximately five. The inoculated 
seedlings were stored in a temperature-controlled vinyl house 
that was isolated, and the number of lesions that developed by 
approximately the tenth day after inoculation was ascertained. 
The extermination value was computed in accordance with the 
following expression. The results are presented in Table 1. Ten 
seedlings were used in each drug treatment section. 
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(Note 1): Consult J. Antibiotics, Vol. 27, No. 12, pp. 987-988 
(1974) 

(Note 2): Consult J. Agric. Food Chem. , Vol. 23, No. 4, pp. 785- 
791 (1975) 

(Note 3) : Consult Meded. Fac. Landbouwwetensch. , Rijksuniv. 

Gent., Vol. 38, pp. 1595-1606 (1973) 

(Note 4): Consult Can. J. Microbiol., Vol. 15, No. 7, pp. 713-721 
(1969) 

(Note 5): Consult Phytopathol . , Z., Vol. 54, pp. 162-184 (1965) 

Trial Example 2 

Extermination trial on anthracnose in cucumbers 
A predetermined concentration of hydrate produced in the same 
manner as in Working Example 1 was sprayed over cucumber sprouts 
grown for approximately 13 days after sowing (breed, Sagami 
hanbaku) in an inoculation chamber. Drying of the drug liquid 
was followed by inoculation of anthracnose. A spore suspension 
was used in inoculation in which anthracnose was incubated in a 
sweet culture medium, after which the derived spores were 
prepared with distilled water so that one field of vision 
(microscope magnification: 150-fold) held approximately 350. The 
inoculated seedlings were stored overnight under dark in a 
temperature-humidity controlled chamber at 27°C temperature, 70% 
humidity, followed by storage for three days under 

photoirradiation . Subsequently, the severity of disease onset in 
the cucumber seedlings was ascertained, and the extermination 
rate was computed in the same manner as in Trial Example 1. The 
results are shown in Table 2 . Ten seedlings were used in each 
drug treated section. 
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Trial Example 3 

Extermination trial on rice blight 
A predetermined concentration of hydrate produced in the same 
manner as in Working Example 1 was sprayed over rice seedlings 
cultivated for approximately 14 days after sowing (each pot 
holding 7) (breed: Kananabu) . Drying of the drug liquid was 
followed by inoculation of rice blight in an inoculation chamber 

The rice blight was inoculated for approximately 13 days in a 
culture medium and the resulting spores were prepared with 
distilled water so that one field of vision (microscope 
magnification: 150-fold) held approximately 30. The inoculated 
seedlings were stored for 2 days under dark in a temperature- 
humidity controlled chamber at 27°C temperature, 90% humidity, 
followed by storage for three days in a glass greenhouse. 
Subsequently, the severity of rice blight in the seedlings was 
ascertained, and the extermination rate was computed by the 
following formula. The results are shown in Table 3. 
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Trial Example 4 

Extermination trial Helmintho spor ium leaf spot 
A predetermined concentration of hydrate produced in the same 
manner as in Working Example 1 was sprayed over rice seedlings 
cultivated for approximately 14 days after sowing (each pot 
holding 7) (breed: Kananabu) . Drying of the drug liquid was 
followed by inoculation of Helmintho spo r ium leaf spot. The 
Helminthospor ium leaf spot was inoculated for approximately 10 
days in a potato-dextrose culture medium and the resulting spores 
were prepared with distilled water so that one field of vision 
(microscope magnification: 150-fold) held approximately 10. The 
inoculated seedlings were stored in a temperature-humidity 
controlled chamber at 27°C temperature, 90% humidity. The 
severity of rice blight in the seedlings was ascertained on the 
second day following inoculation, and the extermination rate was 
computed by the following formula. The results are shown in 
Table 4 . 
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Trial Example 5 

Extermination trial on cabbage blight 
Radishes were cut into round disks of 1.5 cm diameter and 1 cm 
height, followed by immersion for approximately one hour in drug 
solution prepared in advance to complete inoculation of Erwinia 
Carotovora (cabbage blight) . The radishes treated in 
aforementioned manner were stored in a thermostatic chamber set 
at approximately 27°C with regulated humidity. Inoculation was 
followed by collection after 24 hours, at which time the decayed 
sections were removed under running water. The remaining solids 
were then surveyed in accordance with the following assessment 
standards to complete computation of the extermination value. 
The results are presented in Table 5. 
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Table 5 






Tested compound 


Applied concentration (ppm) 


Extermination value <%) Drug damage 


Untreated 




0 




Compound 1 (jSO) 
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Comparative Control Compound 

Streptomycin 2 0 0 
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Applicant 
Agent 



Kuraray Co. Ltd. 
Rikagaku Kenkyusho 
Attorney HONDA Ken 
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(trans, note. The revisions on the final page of the text were 
incorporated in the body of the translation.) 
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